We examine the present set of constraints on the parameters of the Standard Model and use the unitarity triangle to present their allowed range. We give the implications of this for CP violation in the B meson system as a function of top quark mass, emphasizing what luminosity of an electron-positron collider is needed to guarantee a statistically significant asymmetry in one or more B decay channels.
Introduction
Even though twenty-five years have passed since the discovery1 of CP violation, its observation only within the li' meson system has left us with different hypotheses as to its origin. However, during that time the Standard Model of the electroweak interactions has been developed, in which CP violation has a natural place, the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix: -_--A unique CP-violating phase could occur with three generations of quarks. Independent of any phase convention in defining the matrix, the phase could be taken 2) which is shown as the unitarity triangle in Figure 1 .
CP-violating asymmetries between B" and B" mesons decaying to CP eigenstates are proportional to sin (24) , h w ere 4 stands for one of the angles (labelled c~, /?, and y in Figure 1 ) of the triangle. In the Wolfenstein parametrization: which is just the small mixing-angle approximation given here with the matrix elements expressed in terms of powers of sin 8c, the coordinates of the vertex A are (p, 7). What remains for Section 4 is to constrain the point A by using the experimental data which are presently available.
CP Violation with Neutral B Mesons
The decay rate of a time-evolved, initially pure B" (B") into a CP-eigenstate,
(34 CP-violating effects are manifest through the presence of the interference term Im X. For the processes under consideration here, the CP violation arises from the quantum mechanical interference of amplitudes corresponding to two paths to the same final state, one of which involves B" -B" mixing. Possible small CPviolating effects in the decay amplitude itself are neglected. Care must be taken whether the final state is CP-even or odd, since that flips the sign of the interference term: l1 Im Xodd = -1m X,,,,. We always quote the interference terms obtained for CP-even eigenstates.
For a given quark subprocess, Table 1 lists a few corresponding hadronic final states and the relevant interference term, Im X, responsible for CP-violation (stated in terms of the angles in the unitarity triangle). 
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We concentrate on three promising classes of measurements: (ii) Measuring sin(2cu) in Bd decays:
The relevant quark subprocess here is z -+ G+u~. Possible two-body hadronic decay modes are l4 Bd + %-+?I--, w7r", pi', and Bd + jip. effect for class (ii) decays, and they will be neglected here. In addition, the ----mode pp has opposite CP-parity in the s-and p-wave final states, producing asymmetries of opposite sign.
(iii) Measuring sin(2y) in B, decays:
The relevant quark subprocess is, ?J t u + ud, the same as that in class In addition to the three promising classes above, decays to CP non-eigenstates could also show large CP-violating effects, but they are not susceptible to the same clean interpretation in terms of just CKM matrix elements. This report will be restricted to the predicted CP asymmetries in classes (i) -(iii) only.
Constraining the Unitarity Triangle
Now that the relevance of various B-decay asymmetries has been presented, we return to the unitarity triangle and the measurements which we will use to constrain it. Two of these constraints depend on loop processes: the CP-violating parameter t and the Bd -Bd mixing parameter Xd. As loop processes are GIMsuppressed, the resulting constraints strongly depend on the yet-unknown mass of the top quark, mt. The detailed analytical expressions may be found elsewhere.18
On the other hand, lvcbl and IV&/I'$bl are directly measurable in semileptonic B decay, and thus independent of mt.
The values of well-known quantities used here are: Thus, the interference term for class (i), e.g., k?d + $Ii's decays with Im X = -sin(2,B), is never zero, always negative, and can reach -1.
Ranges of CP Asymmetries for B" Mesons
To estimate the number of bb events required to measure CP violation, it is crucial to calculate the allowed range for the interference terms, Im X. The constraints of Eqs. (4.1)-(4.5) are employed. Figure 7 shows the minimum and maximum of -sin(2$) for 4 = cy, p, y, as a function of the top mass. The dotted line displays the lower bound on the absolute value, I sin(2d)l.
With mt = 50 GeV, large CP asymmetries in all three classes would be predicted (see Figure 7) . A small top mass forces the vertex A to lie in a narrow allowed region with a large imaginary part 7 (due to the E constraint) and with negative p values (due to the Xd constraint), as can be seen in The fact that a particular interference term might vanish is disconcerting; if we -_-.
were "unlucky" in the shape of the unitarity triangle chosen by nature, the failure to observe CP violation in just a class (ii) or just a class (iii) process would not be evidence against CP violation origina.ting in the CKM matrix. It is better to have a measurement for which a nonvanishing asymmetry is guaranteed. This is indeed the case for class (i) processes, since the angle ,B satisfies (see Figure 7b What is the significance of I2 ? An experiment which is sensitive to both class (i) and class (ii) processes is assured that IIm XI > I 2 f or at least one of the two classes. 
Luminosity Considerations
We now proceed to apply the results of the last section to find the luminosity required to observe a statistically significant CP-violating asymmetry at an electron-positron B factory. We choose a "favorite" B" decay mode that corresponds to each of the three classes of assymmetry measurements, estimate the relevant experimental and detector-related numbers that are associated with each -_-_ . of these decays, and then combine them with the magnitude of the appropriate CP-violating interference term to estimate the luminosity required for a 30 effect.
One must always be aware that much of the experimental and detector-related input to these calculations is based on estimates or educated guesses; they may change with future data when specific branching ratios are measured, and other decay modes than we have chosen, or combinations of them, may well turn out to be optimal.
We limit our discussion to asymmetric machines running at the r(4S), and to polarized 2' machines. For each type of machine, we will quote two values of integrated luminosity, Lc, and Ld, corresponding to the minimal and maximal magnitude of the interference term, I sin(2$) 1, respectively. An experiment which is capable of acquiring integrated luminosity above Lc, is guaranteed a statistically Table 2 lists the branching ratios and reconstruction efficiencies for the modes in each of the three different classes which we consider. The rate13 for the mode Bd t @KS is a factor of 0.6 times that 24 used in the Snowmass 88 report. The modes Bd --+ 7r+7r-and B, + ,oKs have yet to be observed, and estimates of their branching ratios depend on uncertain hadronic matrix elements and IVub/Vcbl. As working values, we use branching ratios of 2 x 10e5 for Bd + 7r+r-and 3 x 10m5 for B, -+ pIis. The latter, in particular, might be thought optimistic, but, as will be seen shortly, even this branching ratio will not help to lower the required luminosities. The reconstruction efficiencies in Table 2 should be achievable, at least within a factor of two, by state-of-the-art detectors.26 Table 3 summarizes the cha.racteristics of B production and tagging at the two machines which are relevant to Eq. (6.1) . Combinations of branching ratios and tagging efficiencies which are higher than given here will result in a lower required luminosity, and vice versa. The dashed curves in Figure 9 show .C,:! and L&J as a function of the top mass.
We find that L u2 z 3 x 1041 cm-' (6.3)
for rnt M 130 GeV. This is not much below the value of ,!Z, given previously. We find that a simultaneous measurement of processes in all three classes does not lower the required luminosity.
POLARIZED Z"
We consider a 2' machine with a 90% longitudinally polarized electron and/or positron beam. The tagging of B" versus Do mesons can be done geometrically via the forward-backward asymmetry.28 This, together with a large cross-section makes it an interesting alternative to the asymmetric Y(4S) machine. Since a polarized 2' machine is automatically a source of B, mesons, we consider situations where
(1) the detector is sensitive to only class (i) processes, (2) the detector is sensitive to both class (i) and (ii) p recesses, and (3) the detector is sensitive to all three classes simultaneously.
The results for detection of only class (i) decays are shown in Figure 10 
